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CURCUHIN (DIFERULOYLMETKANE) INHIBITION 

OF NFxB ACTIVATION 

BACKGROUND OF THE INVENTION 

Field of the Invention 
5 The present invention relates generally to the fields 

of immunology and protein chemistry . More specifically, the 
present invention relates to the use of curcumin to inhibit 
activation of the transcription factor, NF-xB. 
Description o f the Related Art 

10 Members of the transcription factor NF-xB family play 

a central role in various responses leading to host defense, 
activating a rapid progression of gene expression. These 
transcription factors are dimeric complexes composed of different 
members of the Rel/NF-xB family of polypeptides. This family is 

15 distinguished by the presence of a Rel homology domain of about 
300 amino acids that displays a 35 percent to 61 percent identity 
between various family members (for references see 1) . Although 
NF-xB is a ubiquitous transcription factor, it plays a critical 
role in the cells of the immune system, where it controls the 

20 expression of various cytokines and the major histocompatibility 
complex genes. The inappropriate regulation of NF-xB and its 
dependent genes have been associated with various pathological 
conditions including toxic/ septic shock, graft vs host reaction, 
radiation damage, atherosclerosis, and cancer (1, 2). Thus, 

25 NF-xB is an important target for therapeutic intervention. 

Unlike other transcription factors, the NF-xB proteins 
and other members of the Rel family reside in the cytoplasm in 
an inactive state but upon activation, they are translocated to 
the nucleus. The nuclear translocation of Rel proteins is 

30 induced by many agents, including inflammatory cytokines (e.g., 
tumor necrosis factor (TNF) , lymphotoxin (LT) , and inter leukin 
(IL)-l), mitogens, bacterial products, protein synthesis 
inhibitors, oxidative stress (H 2 0 2 ) , ultraviolet light, and 
phorbol esters (3, 4). Upon activation of NF-xB, a large number 

35 of genes are induced including various inflammatory cytokines , 
adhesion molecules, and Rel proteins (for reviews 3 and 4). 
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Curcumin (diferuloylmethane) has been shown to block 
many reactions in which NF-«B plays a major role. This agent 
is a major active component of turmeric (Curcuma longa) and 
gives specific flavor and yellow color to curry. The compound 
has been shown to display anticarcinogenic properties in 
animals as indicated by its ability to inhibit both tumor 
initiation induced by benz (a) pyrene and 7,12 dimethylbenz 
(a) anthracene (5-8) and tumor promotion induced by phorbol 
esters (9,10), which are known to activate NF-kB. Curcumin 
has also been shown to inhibit type 1 human immunodeficiency 
virus long terminal repeat (HIV-LTR) directed gene expression 
and virus replication stimulated by TNF and phorbol ester 
(11) , which likewise require NF-kB activation. The 
anti-inflammatory and antioxidant properties of curcumin have 
been well documented (12-14). How these inhibitory responses 
are modulated by curcumin is not understood. 

The prior art is deficient in the lack of effective 
means of inhibiting the activation of the transcription factor, 
NF-*B. The present invention fulfills this longstanding need and 
desire in the art. 

SUMMARY OF THE INVENTION 

When activated, NF-kB, a ubiquitous transcription 
factor, binds DNA as a heterodimeric complex composed of members 
of the Rel/NF-irB family of polypeptides. Because of its intimate 
involvement in host defense against disease, this transcription 
factor is an important target for therapeutic intervention. The 
present invention demonstrates that curcumin (diferuloylmethane) , 
a known anti-inflammatory and anticarcinogenic agent, is a potent 
inhibitor of NF-*B activation. Treatment of human myeloid ML-la 
cells with TNF rapidly activated NF-*B, which consists of p50 and 
p65 subunits, and this activation was inhibited by curcumin, 
AP-l binding factors were also found to be down-modulated by 
curcumin, whereas the Spl binding factor was unaffected. 

Besides TNF, curcumin also blocked phorbol ester- 
and hydrogen peroxide-mediated activation of NF-xB. The 
TNF-dependent phosphorylation and degradation of I«Bcr was not 
observed in curcumin-treated cells; the translocation of p65 
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subunit to the nucleus was inhibited at the same time. The 
mechanism of action of curcumin was found to be different from 
that of protein tyrosine phosphatase inhibitors. The present 
invention indicates that curcumin inhibits NF-kB activation 
5 pathway at a step before I*Ba phosphorylation but after the 
convergence of various stimuli. 

The present invention shows that curcumin is a potent 
inhibitor of NF-kB activation induced by various agents. The 
results also indicate that curcumin inhibits at a step in the 

10 signal transduction cascade of NF-kB activation that occurs 
before IkBct phosphorylation but after the point at which various 
signals transduced by different stimuli converge. The present 
invention shows that curcumin should be able to modulate 
NF-icB-dependent pathological conditions. 

15 In one embodiment of the present invention, there is 

provided a method of inhibiting the activation of the HF-kB 
transcription factor in an animal in need of such treatment 
comprising the step of administering to said animal a 
pharmacologically effective dose of curcumin. 

20 In another embodiment of the present invention, there 

is provided a method of inhibiting the nuclear translocation of 
the p65 subunit of the NF-kB transcription factor in a cell or 
in an animal in need of such treatment comprising the step of 
administering to said animal a pharmacologically effective dose 

25 of curcumin. 

In yet another embodiment of the present invention, 
there is provided a method of inhibiting the phosphorylation and 
degradation of I*Ba protein in a cell or in an animal in need of 
such treatment comprising the step of administering to said 

30 animal a pharmacologically effective dose of curcumin. 

Other and further aspects, features, and advantages of 
the present invention will be apparent from the following 
description of the presently preferred embodiments of the 
invention given for the purpose of disclosure. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

So that the matter in which the above-recited 
features, advantages and objects of the invention, as well as 
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others which will become clear, are attained and can be 
understood in detail, more particular descriptions of the 
invention briefly summarized above may be had by reference to 
certain embodiments thereof which are illustrated in the 
appended drawings. These drawings form a part of the 
specification. It is to be noted, however, that the appended 
drawings illustrate preferred embodiments of the invention and 
therefore are not to be considered limiting in their scope. 

Figure 1 shows the dose response and kinetics of 
inhibition of TNF-dependent NF-kB by curcumin. (Figure la) ML-la 
cells (2 x 10 6 /ml) were pre-incubated at 37 °c for 60 minutes with 
different concentrations (2 to 60 MM) of curcumin followed by 30 
minutes incubation with 0.1 nM TNF. (Figure lb) ML-la cells (2 
x 10 6 /ml) were preincubated at 37°C with 20 /iM curcumin for 
different times and then measured NF-kB activation at 37 °c for 
30 minutes either with or without 0.1 nM TNF. (-) indicates time 
curcumin was present before the addition of TNF, (0) indicates 
co-incubation with TNF and (+) indicates time curcumin was added 
after TNF. For Figure 1C, ML-la cells (2 x 10 6 / ml) were 
incubated at 37 *C with 50 MM curcumin for 60 minutes followed by 
treatment with 10 nM TNF for different times. After these 
treatments nuclear extracts were prepared and then assayed for 
NF-kB as described below. The arbitrary units represent the 
relative amounts of the radioactivity present in respective 
bands. 

Figure 2 shows the supershift analysis and specificity 
of the effect of curcumin on the NF-kB activation. For Figure 
2a, nuclear extracts (NE) were prepared from untreated or TNF 
(0.1 nM) -treated ML-la cells (2 x l0 6 /ml) , incubated for 30 
minutes with antibodies and then assayed for NF-kB as described 
below. For Figure 2b, nuclear extracts prepared from TNF 
pre-treated cells were incubated with different concentrations 
of curcumin for 15 minutes and then analyzed for NF-kB by EMSA. 

Figure 3 shows the effect of Curcumin on PMA- and H 2 0 2 - 
mediated activation of NF-kB . ML-la cells (2 x 10 6 /ml) were 
preincubated for 60 minutes at 37 °C with curcumin (50 /xM) 
followed by PMA (25 ng/ml) or H 2 0 2 (0.5 mM) or indicated 
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combinations for 3 0 minutes and then tested for NF-*B activation 

as described below. 

Figure 4 shows the effect of curcumin on AP-1 and 

Spl transcription factors. Cells were treated with different 
5 concentrations of curcumin for 60 minutes at 37 °c, and nuclear 

extracts were then prepared and used for EMS A of AP-1 and Spl 

transcription factors as described below. 

Figure 5 shows the effect of DTT and DMP on the 

Curcumin and PAO-induced inhibition of NF-xB activation. ML-la 
10 (2 x 10 6/ ml) were incubated at 37 °C for 60 minutes with DTT (100 

(iM) or DMP (100 pM) in the presence of Curcumin (50 /xM) or PAO 

(2.4 /iM) or indicated combinations followed by 30 minutes 

incubation with 0.1 nM TNF and then assayed for NF-kB activation 

as described below. 
15 Figure 6 shows the effect of curcumin on TNF- induced 

phosphorylation and degradation of I*Ba and on level of p65 in 

cytoplasm and nucleus. ML-la (2 x 10 6 /ml) pretreated (for 60 

minutes at 37*C) with or without curcumin (50 /zM) were incubated 

for different times with TNF (0.1 nM) , and then assayed for IriBa 
20 (Figure 6A) and for p65 (Figure 6B) in cytosolic fractions by 

western blot analysis as described below. ML-la (2 x l0 6 /ml) 

pretreated (for 60 minutes at 37 °C) with curcumin were incubated 

with TNF (0.1 nM) for 30 minutes. 

Nuclear and cytoplasmic extracts were assayed by 
25 western blot analysis for p65. The arbitrary units represent the 

relative amounts of the respective proteins as described below. 

Figure 7 shows the possible site of action of curcumin 

on TNF- PMA- and H 2 0 2 - induced NF-kB activation. 

DETAILED DESCRIPTION OF THE INVENTION 

30 In the present invention, the following abbreviations 

may be used: TNF, tumor necrosis factor; PTPase, protein 
tyrosine phosphatase; PTK, protein tyrosine kinase; PPase, 
protein phosphatase; PAO, phenylarsine oxide; DTT, 
dithiothreitol; DMP, 2, 3-dimercaptopropanol; FBS, fetal bovine 

35 serum; HIV-LTR, human immunodeficiency virus-1 long terminal 
repeat. 
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The present invention is directed to a method of 
inhibiting the activation of the NF-kB transcription factor in 
an animal in need of such treatment comprising the step of 
administering to said animal a pharmacologically effective 
dose of curcumin. Most preferably, the animal is a human. 
Preferably, the human has a pathophysiological state selected 
from the group consisting of toxic/septic shock, graft vs host 
reaction, radiation damage, atherosclerosis, and cancer. 
Although the curcumin may be given in any dose which suitably 
inhibits the activation of the NF-kB transcription factor, the 
curcumin is preferably administered in a dose of from about l 
mg/kg to about 100 mg/kg. 

The present invention is also directed to a method of 
inhibiting the nuclear translocation of the p65 subunit of the 
NF-*B transcription factor in a cell in an animal in need of such 
treatment comprising the step of administering to said animal a 
pharmacologically effective dose of curcumin. For this method, 
the animal is preferably a human. Preferably, the human has a 
pathophysiological state selected from the group consisting of 
toxic/septic shock, graft vs host reaction, radiation damage, 
atherosclerosis, AIDS, inflammation and cancer. Although the 
curcumin may be given in any dose which suitably inhibits the 
activation of the NF-xB transcription factor, the curcumin is 
preferably administered in a dose of from about 1 mg/kg to about 
100 mg/kg. 

The present invention also provides a method of 
inhibiting the phosphorylation and degradation of IkBck protein 
in a cell or in an animal in need of such treatment comprising 
the step of administering to said animal a pharmacologically 
effective dose of curcumin. Preferably, the animal is a human. 
A method of inhibiting the phosphorylation and degradation of 
I«Ba protein in a cell or in an animal is relevant where the 
human has a pathophysiological state selected from the group 
consisting of toxic/septic shock, graft vs host reaction, 
radiation damage, atherosclerosis, and cancer. Preferably, the 
curcumin is administered in a dose of from about 1 mg/kg to about 
100 mg/kg. 
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The following examples are given for the purpose of 
illustrating various embodiments of the invention and are not 
meant to limit the present invention in any fashion. 

EXAMPLE 1 

5 Materials: 

Penicillin, streptomycin, RPMI 1640 medium, and 
fetal calf serum were obtained from GIBCO (Grand Island, NY) . 
Curcumin, glycine, NaCl, and bovine serum albumin were 
obtained from Sigma Chemical Co. (St. Louis, MO) , and 

10 phenylarsine oxide from Aldrich Chemicals (Milwaukee, WI) . 
Bacteria-derived recombinant human TNF, purified to 
homogeneity with a specific activity of 5 x 10 7 units /mg, was 
kindly provided by Genentech, Inc. (South San Francisco, CA) . 
Antibody against I*Ba, cyclin Dl and NF-kB subunits p50 and p65 

15 and double stranded oligonucleotides having AP-1 and SP1 

consensus sequences were obtained from Santa Cruz Biotechnology 
(Santa Cruz, CA) . 

EXAMPLE 2 

Cell lines: 

20 The cell line employed was ML- la, a human 

myelomonoblastic leukemia cell line provided by Dr. Ken Takeda 
of Showa University, Japan. Cells were routinely grown in RPMI 
1640 medium supplemented with glutamine (2 mM) , gentamicin (50 
mg/ml), and fetal bovine serum (FBS) (10 percent). The cells 

25 were seeded at a density of ix 10 s cells/ml in T25 flasks (Falcon 
3013, Becton Dickinson Labware, Lincoln Park, NJ) containing 10 
ml of medium and grown at 37*c in an atmosphere of 95 percent air 
and 5 percent C0 2 . Cell cultures were split every 3 or 4 days. 
Occasionally, cells were tested for mycoplasma contamination 

30 using the DNA-based assay kit purchased from Gen-Probe (San 
Diego, CA) . 

pxjmPftfi 3 

Electrophoretic Mobility Shift Assays: 

ML-la cells (2 x 10 6 cells/ml) were treated 
35 separately with different concentrations of an activator at 
37 °C. Nuclear extracts were then prepared according to 
Schreiber et al. (15). Briefly, 2 x 10 6 cells were washed with 
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cold phosphate-buffered saline (PBS) and suspended in 0.4 ml 
of lysis buffer (10 mM HEPES pH 7.9, 10 nM KC1, 0.1 mM EDTA, 
0.1 mM EGTA, 1 nM DTT, 0.5 mM PMSF, 2.0 mg/ml leupeptin, 2.0 
mg/ml aprotinin, and 0.5 mg/ml benzamidine). The cells were 
allowed to swell on ice for 15 minutes, after which 12.5 ml of 
10 percent NP-40 was added. The tube was then vigorously 
mixed on a vortex machine for 10 seconds, and the homogenate 
was centrifuged for 30 seconds in a microfuge. The nuclear 
pellet was resuspended in 25 jxl ice-cold nuclear extraction 
buffer (20 mM HEPES pH 7.9, 0.4 M NaCI, 1 mM EDTA, 1 mM EGTA, 
1 mM DTT, 1 mM PMSF, 2.0 mg/ml leupeptin, 2.0 mg/ml aprotinin, 
and 0.5 mg/ml benzamidine), and the tube was incubated on ice 
for 30 minutes with intermittent mixing. The tube was then 
centrifuged for 5 minutes in a microfuge at 4'C, and the 
supernatant (nuclear extract) was either used immediately or 
stored at -70 *C for later use. The protein content was 
measured by the method of Bradford (16). 

Electrophoretic mobility shift assays (EMS A) were 
performed by incubating 4 mg of nuclear extract (NE) , with 16 
f moles of 32 P end-labeled 4 5-mer double-stranded NF-kB 
oligonucleotide from the HIV-LTR, 5 '-TTGTTACA AGGGACTTTC CGCTG 

GOGACTTTCCAGGGAGGCGTGG- 3 \ (17) for 15 minutes at 37»C. The 
incubation mixture included 2-3 reg of poly (dl-dC) in a binding 
buffer (25 mM HEPES pH 7.9, 0.5 mM EDTA, 0.5 mM DTT, 1 percent 
NP-40, 5 percent glycerol, and 50 mM NaCI) (18, 19). The 
DNA-protein complex formed was separated from free 
oligonucleotide on 4.5 percent native polyacrylamide gel using 
buffer containing 50 mM Tris, 200 mM glycine pH 8.5, and l mM 
EDTA (20) , and then the gel was dried. A double- stranded mutated 
oligonucleotide 5 'TTGTTACA ACTCACTTTC CGCTG CTCACTTTC CAGGGAnnrfiTnf;- 

3', was used to examine the specificity of binding of nf-kB to 
the DMA. The specificity of binding was also examined by 
competition with the unlabeled oligonucleotide. 

For supershift assays, nuclear extracts prepared from 
TNF treated cells were incubated with the antibodies against 
either p50 or p65 subunits of NF-*B for 30 minutes at room 
temperature before the complex was analyzed by EMSA (21). 



WO 97/09877 



PCT/US96/14725 



-9- 

Antibodies against cyclin Dl and preimmune serum were included 
as negative controls. 

The EMSAs for AP-1 and Spl were performed as described 
for NF-kB using 32 P end-labeled double-stranded oligonucleotides. 
5 Specificity of binding was determined routinely by using an 
excess of unlabeled oligonucleotide for competition as described 
earlier (21). Visualization and quantitation of radioactive 
bands was carried out by a phosphor imager (Molecular Dynamics, 
Sunnyvale, CA) using 4 Image-quant' software. 

10 EXAMPLE 4 

Electrophoretic Mobility Shift Assays: 

ML-la cells (2 x 10 6 cells/ml) were treated 
separately with different concentrations of an activator at 
37 °C. Nuclear extracts were then prepared according to 

15 Schreiber et al. (15). Briefly, 2 x 10 6 cells were washed with 
cold phosphate-buffered saline (PBS) and suspended in 0.4 ml 
of lysis buffer (10 mM HEPES pH 7.9, 10 mM KC1, 0.1 mM EDTA, 
0.1 mM EGTA, 1 mM DTT, 0.5 mM PMSF, 2.0 mg/ml leupeptin, 2.0 
mg/ml aprotinin, and 0.5 mg/ml benzamidine). The cells were 

20 allowed to swell on ice for 15 minutes, after which 12,5 ml of 
10 percent NP-40 was added. The tube was then vigorously mixed 
on a vortex machine for 10 seconds , and the homogenate was 
centrifuged for 30 seconds in a microfuge. The nuclear pellet 
was resuspended in 25 Ml ice-cold nuclear extraction buffer 

25 (20 mM HEPES pH 7.9, 0.4 M NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM 
DTT, 1 mM PMSF, 2.0 mg/ml leupeptin, 2.0 mg/ml aprotinin, and 
0.5 mg/ml benzamidine), and the tube was incubated on ice for 
30 minutes with intermittent mixing. The tube was then 
centrifuged for 5 minutes in a microfuge at 4*C, and the 

30 supernatant (nuclear extract) was either used immediately or 
stored at -70*C for later use. The protein content was 
measured by the method of Bradford (16) . 

EXAMPLE 5 

Western Blotting for IxBa and p65; 
35 After the NF-kB activation reaction described above, 

postnuclear extracts were resolved on 10 percent 
SDS-polyacrylamide gels for I*Ba. To determine p65 levels, 
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nuclear and post nuclear (cytoplasmic) extracts were resolved on 
8 percent SDS-polyacrylamide gels. After the gels, the proteins 
were electrotransf erred to nitrocellulose filters, probed with 
a rabbit polyclonal antibody against IxBa or against p65 f and 
5 detected by chemiluminescence (ECL-Amersham) (22) . The bands 
obtained were quantitated using Personal Densitometer Scan vl.30 
using Image Quanta software version 3.3 (Molecular Dynamics, 
Sunnyvale, CA) . 

E XA MPL E g 

10 Results 

The present invention demonstrated the effect of 
curcumin on the activation of transcription factor NF-kB. 
Human ML-la cells were used for these studies because their 
response to NF-kB activation by various stimuli has been well 
15 characterized (21-23 ) . The time of incubation and the 

concentration of the drugs used in the studies had no effect 
on the cell viability (data not shown) . 

EXAMPLE 7 

Curcumin inhibits TNF-D ependent NF-«B activation 

20 ML-la cells were preincubated for 1 hour with different 

concentrations of curcumin followed by treatment with TNF (0.1 
nM) for 30 minutes at 37 °c. They were then examined for NF-kB 
activation by electrophoretic mobility shift assay. The results 
in Fig. la indicate that 40-60 /iM curcumin inhibited most of the 

25 TNF response. Curcumin by itself did not activate NF-*B. The 
kinetics of inhibition were shown next, incubating the cells with 
curcumin either for 60, 30 and 10 minutes prior to the addition 
of TNF, at the same time as the addition of TNF, or 10 minutes 
after the addition of TNF. The cells were treated with TNF for 

30 30 minutes, TNF response was inhibited only when cells were 
pretreated with curcumin (Figure lb) . Cotreatment of cells with 
TNF and curcumin was not effective. 

A high concentration of TNF (10 nM) can activate NF-*B 
within 5 minutes and this induction is higher in its intensity 

35 than that obtained with cells using 100-fold lower concentration 
of TNF for longer time (23) . To determine the effect of curcumin 
on NF-kB activation at higher TNF concentration and its effect 
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on kinetics of TNF-mediated activation of NF-kB, 
curcumin-pretreated cells were exposed to 10 nM TNF for various 
times (Fig. lc) . The induction of NF-*B by 10 nM TNF was very 
high and occurred within 5 minutes, curcumin could completely 
5 inhibit the activation of NF-/cB induced by 10 nM as efficiently 
as it did with 0.1 nM TNF. Thus, curcumin is a very potent 
inhibitor of NF-kB activation. 

To show that the retarded band observed by EMSA in 
TNF- treated cells was indeed NF-kB , the nuclear extracts were 

10 incubated with antibody to either p50 (NF-*B1) or p65 (Rel A) 
subunits and then carried out EMSA. The results from this 
experiment (Fig. 2a) show that antibodies to either subunit of 
NF-jcB shifted the band to higher molecular weight, thus 
suggesting that the TNF-activated complex consisted of p50 and 

15 p65 subunits. Neither preimmune serum nor irrelevant antibody 
against cyclin D had any effect on the mobility of NF-/cB. 

Both TPCK and herbimycin A have been shown to interfere 
with the binding of NF-jcB to the DNA (25, 52). To determine the 
effect of curcumin on the binding of NF-kB to the DNA, the 

20 nuclear extracts from TNF-pre-activated cells were incubated with 
curcumin and then EMSA was performed. The results of this 
experiment (Fig. 2b) show that curcumin did not modify the 
ability of NF-kB to bind to the DNA. 

EXAMPLE 8 

25 Curcumin Also Blocks Phorbol Est??- ang flydrpqqn 

Peroxide-Mediated Acti vation of NF-kB: 

Besides TNF, NF-kB activation is also induced by 
phorbol ester (PMA) , and hydrogen peroxide (49). However the 
initial signal transduction pathway induced by these agents that 

30 leads to the NF-kB activation differs. Therefore, the effect of 
curcumin on activation of the transcription factor by these 
various agents was examined. The results shown in Fig. 3 indicate 
that curcumin completely blocked PMA and hydrogen 
peroxide-induced activation of NF-kB. Thus, curcumin is a general 

35 suppressor of NF-kB. activation. 
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EXAMPLE 9 

CMrgmnin down-modulates AP-i but not Sol transcription factors; 

Whether curcumin specifically blocks the activation of 
NF-kB or also affects other transcription factors was 
investigated. Curcumin had no effect on the Spl transcription 
factor (Fig. 4); however, DNA binding of AP-l transcription 
factors was found to be down -modulated. This result is in 
agreement with an earlier report which showed that curcumin not 
only inhibits the DNA-binding activity of c-Jun/AP-l binding 
factors but also down-modulates the level of these factors (24). 

EXAMPLE 10 

Reducing Agents Do Not Re verse the Effect of Curcumin; 

It has been shown that agents like TPCK that modify 
the sulfhydryl group in NF-icB inhibit its activation but this 
inhibition is prevented in the presence of DTT and DMP (25, 
31) . DTT and DMP can also reverse the inhibitory effect of 
phenylarsine oxide (PAO; a potent PTPase inhibitor) on NF-*B 
activation (21) . To determine if the inhibitory effect of 
curcumin on NF-icB was reversed by these reducing agents, ML- la 
cells were treated with curcumin in the presence and absence 
of either DTT or DMP and then examined for the activation of 
NF-kB by TNF. As shown in Fig. 5, DTT and DMP did not reverse 
the inhibition caused by curcumin but completely reversed the 
PAO-mediated inhibition. These results thus suggest that the 
mechanism of action of curcumin is different from that of 
PTPase inhibitors. 

EXAMPLE 11 

Curcumin inhibits TNF-depende nt phosphorylation and degradation 
of IttBa and translocation of p65 subunit of NF-xB to the nucleus: 

The translocation of NF-*B to the nucleus is preceded 
by the phosphorylation and proteolytic degradation of ixBa (26) . 
To determine whether the inhibitory action of curcumin was due 
to its effect on I*Ba degradation, the cytoplasmic levels of I*B 
protein were examined by western blot analysis. I*£cr was 
phosphorylated within 5 minutes of TNF treatment of ML- la cells 
and then disappeared within 15 minutes. However, curcumin 
abolished both the phosphorylation (as indicated by absence of 
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the slow migrating band) and degradation of Iic/3a induced by TNF 
(Fig. 6A) . 

The level of p65 in the cytoplasm and in the nucleus 
was also measured. As expected upon TNF treatment, the level of 
5 p65 declined in the cytoplasm with a concurrent increase in the 
nucleus (Fig 6B and 6C) . The treatment of cells with curcumin 
abolished the TNF-dependent change in the nuclear and cytoplasmic 
p65 levels. These results show that curcumin inhibits the 
TKF-induced translocation of p65 to the nucleus and this is 

10 consistent with the inhibition of TNF-dependent degradation of 
IjcBge curcumin. 

Curcumin is a pharmacologically safe compound with 
known anti-inflammatory , anticarcinogenic, and free radical 
scavenger properties (6, 10 f 27-30). However, how curcumin 

15 carries out these functions is not very clear. NF-kB plays a 
pivotal role in cells of the immune system because it is 
rapidly activated by wide variety of pathogenic signals and 
functions as a potent and pleiotropic transcriptional 
activator. Intervention in NF-kB activation may be beneficial 

20 in suppressing toxic/septic shock, graft-vs-host reactions, 
acute inflammatory reactions, HIV replication, acute phase 
response and radiation damage. 

The present invention demonstrates that curcumin^ 
completely blocked the TNF-d ependent activation of NF-*B« t The 

25 activation induced by various other agents including phorbol 
ester and H 2 0 2 was also inhibited by curcumin. As has been shown 
with other inhibitors, the effect of curcumin was not due to the 
chemical modification of NF-kB proteins (25, 31, 52). The 
inhibition of NF-kB activation was accompanied by the inhibition 

30 of p65 translocation to the nucleus and of I/cB degradation. 

Identifying how curcumin blocks the activation of NF-kB 
requires an understanding of the mechanism by which various 
inducers activate this important transcription factor. The role 
of different TNF-activated signals including acidic and neutral 

35 sphingomyelinase-generatedceramides, proteases, serine/threonine 
protein kinase (PK) , protein tyrosine kinase (PTK) , protein 
tyrosine phosphatase (PTPase) and superoxide radicals in the 
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activation of NF-kB have been implicated (1, 21, 22, 32-35). 
Whether these signals are generated by TNF sequentially or 
independently of each other, however, is not understood. 

All three inducers of NF-kB used in these studies are 
known to produce reactive oxygen intermediates (ROI) . Therefore, 
it is possible that the effect of curcumin is through quenching 
of ROI production. The inhibitors of mitochondrial electron 
transport have been shown to impair the TNF-induced activation 
of NF-xB (36), thus also suggesting the role of ROI. Several 
additional, indirect lines of evidence suggest a role for ROI as 
a common and critical denominator (40, 41), including evidence 
that cellular levels of ROI increase in response to TNF, IL-l, 
PMA, LPS, uv light, and gamma irradiation (for references see l) . 
But among the various ROI administered to cells in culture, only 

hydrogen peroxide was found to be an effective activator of NF-jcB 

(42) . 

Curcumin may also block NF-kB activation by 
inhibiting a protein kinase. In vitro, curcumin has been 
shown to inhibit both serine/threonine PK and PTK (44) . The 
PK needed for the activation of NF-kB has not, however, been 
identified. Although PMA is an activator of PkC, both TNF and 
H 2 0 2 have been shown to activate both PkC and PTK. NF-*B 
activation by TNF and np z has been shown to be blocked by 
inhibitors of both PKC and PTK (50) . The role of a PTK has 
also been implicated in NF-*B activation by ultraviolet light, 
lipopolysaccharide, hypoxia, and v-src (37-40, 51). 
TNF-dependent activation of NF-kB is dependent on 
erbstatin-sensitive PTK (22). Studies of Schieven et al 1993 

(43) showed that PTK inhibitors block 

gamma-irradiation-induced NF-kB activation, a stimulant 
thought to work through the immediate generation of ROI, which 
suggest that PTK activation may precede ROI generation. Thus 
there are different early events involved in activation of 
NF-kB but all of them may converge to phosphorylate the l*Ba 
which precedes its degradation and the subsequent 
translocation of p65 into the nucleus. 
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It has been shown that curcumin not only inhibits the 
DNA binding of c-jun/AP-1 transcription factor but it also 
down-modulates c-jun level by preventing its transcription (24) . 
Curcumin did not inhibit the Spl transcription factor under the 
5 same conditions in which it inhibited NF-«B and AP-l 
transcription factors. Curcumin has also been shown to inhibit 
TNF and phorbol ester-stimulated type 1 HIV-LTR-directed gene 
expression and virus replication (11), and this may be mediated 
through the inhibition of NF-kB. Recently it has been reported 

10 that curcumin can also inhibit nitric oxide synthase (45-47) . 
These observations can be explained based on these results since 
the expression of this enzyme is NF-kB dependent. This is 
consistent with the observation that TPCK, a protease inhibitor 
that blocks NF-jcB activation, also blocks the expression of 

15 nitric oxide synthase (48). TPCK, however, may exert its effect 
by a different mechanism than curcumin does. It has been shown 
that TPCK chemically modifies NF-kB, thus altering its release 
from IjcBa (25) . Curcumin, however, does not chemically modify 
the DNA binding properties of NF-jcB. 

20 Another level of modification that could prevent 

formation of p50/p65 heterodimer is down-modulation of the 
cytoplasmic pool of p65 subunit of NF-icB. The present 
invention, however, shows that p65 was not down-modulated by 
curcumin but its translocation to the nucleus was inhibited, 

25 most likely through inhibition of degradation of IkB. 

The observation that TNF- induced phosphorylation and 
degradation of IkBoe is abolished by curcumin indicate that the 
step in the signal transduction pathway of NF-xB activation 
inhibited by this agent is at or before the phosphorylation step 

30 of NF-kB (Fig. 8). That it can inhibit NF-kB activation by 
diverse agents indicates that this step is after or at the step 
where the diverse signals converge. Overall, because of its very 
low pharmacological toxicity and its ability to modulate 
activation of NF-kB by various agents, curcumin has a high 

35 potential for use in modulating expression of genes regulated by 
NF-jcB. 
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Any patents or publications mentioned in this 
specification are indicative of the levels of those skilled in 
the art to which the invention pertains. These patents and 
publications are herein incorporated by reference to the same 
extent as if each individual publication was specifically and 
individually indicated to be incorporated by reference. 

One skilled in the art will readily appreciate that the 
present invention is well adapted to carry out the objects and 
obtain the ends and advantages mentioned, as well as those 
inherent therein. The present examples along with the methods, 
procedures, treatments, molecules, and specific compounds 
described herein are presently representative of preferred 
embodiments, are exemplary, and are not intended as limitations 
on the scope of the invention. Changes therein and other uses 
will occur to those skilled in the art which are encompassed 
within the spirit of the invention as defined by the scope of the 
claims. 
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Claims 

A method of inhibiting the activation of the NF-kB 
transcription factor in an animal in need of such treatment 
comprising the step of administering to said animal a 
5 pharmacologically effective dose of cur cumin. 

2. The method of claim 1, wherein said animal is a 

human . 

3 . The method of claim 2 , wherein said human has a 
pathophysiological state selected from the group consisting of 

10 toxic/septic shock, graft vs host reaction , radiation damage, 
atherosclerosis, AIDS, inflammation and cancer. 

4. The method of claim 1, wherein said curcumin is 
administered in a dose of from about 1 mq/kg to abo ut 100 m o/kg. 

5. A method of inhibiting the nuclear translocation 
15 of the p65 subunit of the NF-kB transcription factor in a cell 

in an animal in need of such treatment comprising the step of 
administering to said animal a pharmacologically effective dose 
of curcumin. 

6. The method of claim 5, wherein said animal is a 

20 human. 

7. The method of claim 6, wherein said human has a 
pathophysiological state selected from the group consisting of 
toxic/ septic shock, graft vs host reaction, radiation damage, 
atherosclerosis, and cancer. 

25 8. The method of claim 5, wherein said curcumin is 

administered in a dose of from about 1 mg/kg to about 100 mg/kg. 

9. A method of inhibiting the phosphorylation and 
degradation of IkBo protein in a cell or in an animal in need 
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of such treatment comprising the step of administering to said 
animal a pharmacologically effective dose of curcumin. 

10. The method of claim 9, wherein said animal is a 

human* 

11. The method of claim 10, wherein said human has a 
pathophysiological state selected from the group consisting of 
toxic/ septic shock, graft vs host reaction, radiation damage, 
atherosclerosis, and cancer. 



12. The method of claim 9, wherein said curcumin is 
administered in a dose of from about l mg/kg to about loo mg/kg. 



WO 97/09877 



PCT/US96/14725 



1/8 



I 



1 



Media 



TNF 



3 3 3 



Curcumin 

« a ? s (lim) 




NF-kB 




Units 



12 18 3^ Z7 1.9 13.4 13 7.3 3.7 M 



FIG. IA 



SUBSTITUTE SHEET (RULE 26) 



WO 97/09877 



2/8 



PCTYUS96/14725 



6 



TNF 



S ° S 



O 

3 

o 

U 



Curcumin 

t(min) 





NT-kB 



Units 



2£ 3.3 4.9 6.1 6.6 7.0 7.1 



FIG. IB 



NF-kB 



Media 



in o 

ift «0 



i/> 



Curaunin 

15 S 




TNF (10 nM) 
tdnin) 



FIG. IC 



SUBSTITUTE SHEET (RULE 26) 



WO 97/09877 



3/8 



PCT/US96/14725 





NF-KB 



FIG. 2B 



SUBSTITUTE SHEET (RULE 26) 



WO 97/09877 



4/8 



PCT/US96/14725 




FIG. 3 



SUBSTITUTE SHEET (RULE 26) 



WO 97/09877 



5/8 



PCT/US96/14725 



Curcumin 
o d 8 3 8 <uM) 





FIG. 4 



SUBSTITUTE SHEET (RULE 26) 



WO 97/09877 



6/8 



PCT/US96/14725 



H D 

+ + 
.5 .S 

i 



+ 



Q 
+ 

.S 
& 



i 



+ 

o 





NF-kB 



FIG. 5 



SUBSTITUTE SHEET (RULE 26) 



WO 97/09877 



7/8 



PCI7US96/14725 



0 2 5 15 30 



min 



FIG. 6A 



IkBoc 



TNF 



Curcumin 



Curcumin + TNF 



0 2 5 15 30 



min 



Units 2.7 3.2 2.5 1.4 1.5 



TNF 



Curcumin 



Unils 3.2 3.3 3.5 3.7 3.2 



FIG. 6B 



Units Z7 2.9 2.6 2.7 2.7 



Curcumin + TNF 



P 65 



Cytoplasm 

B 

+ 



S3 



U 



Nucleus 



.5 .5 



I 

P 



u u 



FIG. 6C 



Units 



1 1 l 



55 5.9 5.2 23 0.9 0.9 13 3.1 



P 65 



SUBSTITUTE SHEET (RULE 26) 



8/8 



PCT/US96/14725 



PMA 



H 2 0 2 



t 




Curcumin 



Reactive Oxygen Inter. 
Protein Tyr. Kinase 
Protein Kinase 
Ub Conjugation Enzymes 




IkBoc phosphorylation 




IkBoc degradation 



NF-kB activation 

FIG. 7 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCTAJS96/14725 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) : AO IN 31/08; A61K 31/03; C07K 14/52. 14/47 

US CL : 514/731. 886. 824 f 917, 886; 530/358, 351 
According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 514/731. 886. 824. 917. 886; 530/358. 351 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
NONE 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

MEDLINE, BIOSIS, EM BASE, DERWENT WP1 r CHEM AB r APS, search terms: author names, curcurnin, 
diferutoylmetftane, NF-kappaB 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



M.M. CHAN. Inhibition of tumor necrosis factor by curcurnin, 
a phytochemical. Biochemical Pharmacology. 26 May 1995, 
Vol. 49, No. 11, pages 1551-1556, see entire abstract. 

US 5,401,777 A (AMMON ET AL.) 28 March 1995, see 
entire document. 



1-12 



1-12 



""I Further documents are listed in the continuation of Box C. | | See patent family annex. 



flint 



"A" 
"B" 

■o* 
•r 



take of 



defeat to fcvnl mam of to *rt which k oot 



filing dete 



praK^pto or tbeoiy mxtcHyBS ^hc 



docomcBtof pertk«kr 



to 



tohrvohrei 



i which wamy 
cifeod la nwHiih to 



dale of 



ti mN^Vil sw to to 



or 



we* exhibition Of other 



lo ievotve m 



fUmg dele ht* htier ton 



heist otrvioot lo e penos 
'of the i 



n to en 



Date of the actual completion of the international search 



30 OCTOBER 1996 



Date of mailing of the international search report 

08 NOV 1996 



Name and mailing address of the ISA/US 
Comrnitiioocr of Patents sod Tfidamtrks 
Box PCT 

Washington, D.C 2023] 
Facsimile No, O03) 305-3230 



Authorized officer 

RON SCHWADRON 
Telephone No. (703) 308-0196 




Form PCT/IS A/210 (second sheet)(July 1992)* 



